 Fluid flows through multi-scale fibrous porous media occur in a class of natural and engineering systems. It is of great importance to understand the transport mechanisms in fibrous materials. In this paper, the different scales are separated and each point at macroscopic scale is associated to a representative volume at the finest scale where homogenization can be carried out. A localization tensor which relates different scale velocities be defined. Then, the relationship among three scales of fibrous porous media is developed by using the tensor.
INTRODUCTION
Fibrous porous media with some unique properties have a variety of applications, such as filtration [1] , fuel cell [2] [3] ,and textile fabric [4] . Among the applications, fibrous materials always serve as media, which allow air, vapor, particles, liquids, or heat to transfer through. Therefore, it is of great importance to understand the transport mechanisms in fibrous materials.
In the study and characterization of fluid flow in fibrous media, the transport properties is the permeability [5] . The permeability directly affects the flow in porous media, as described by Darcy's law [6] . Prediction of the permeability of fibrous media dates back to experimental work of Sullivan and theoretical works of Kuwabara, Hasimoto, and Happel [7] [8] [9] [10] . Later, numerous analytical, theoretical and experimental methods have been conducted to measure the permeability of fibrous porous media [11] [12] [13] .
The objective of this study is to develop the relationship among three scales of fibrous porous media. In order to obtain the relationship, the method that the different scales are separated and each point at macroscopic scale is associated to a representative volume at the finest scale where homogenization can be carried out is used [14] .
MULTI-SCALE STRUCTURE OF FIBROUS POROUS MEDIA
Fibrous porous media are comprised of tows(yarns),which are made up of several hundred to several thousand individual fibers. A fibrous media can be investigated on three different scales, namely macroscopic scale, mesoscopic scale and microscopic scale.
The macroscopic scale refers to the whole component scale, with dimensions in the order of ten centimeters to several meters. At this scale, a fibrous media can be seen as a continuous material with very specific behaviors.
At the mesoscopic scale, fibrous media is seen as an interlacing of tows. Mesoscopic modeling is widely used by scientists better to understand the physics of fibrous media and to propose macroscopic constitutive models using homogenization techniques.
The yarns of a fibrous media unit cell are made of fibres whose architecture determines the yarn properties. Each fiber is considered as a 3D beam interacting with its numerous neighbours. At the microscopic scale, the characteristic dimension is about one to several micrometers.
DEVELOP THE RELATIONSHIP BETWEEN MACROSCOPIC SCALE AND MICROSCOPIC SCALE
Now we consider a heterogeneous media coexisting both macroscopic scale and microscopic scale. This is shown in Fig.1 
, be a domain occupied by macroscopic fibrous media. For each point  
X
, there is a representative volume ) (X  at microscopic scale. For the sake of simplicity we assume the same microstructure everywhere in  .
In our study, some assumptions are made as follows: (i) The fluid is Newtonian fluid and incompressible. (ii) The inertia terms of fluid is neglected. (iii) The power dissipated at both scales must be the same.
At the macroscopic scale the flow is described by the Darcy's law and Conservation of mass. Let macro W be the dissipated power at the macroscopic scale. It reads:
where
where  is the stress tensor, v  is velocity gradient.
Based on assumption (iii), equating both powers and taking into account the symmetry of the stress tensor, it comes ) ( ) ( where  is the viscosity of the fluid. Introducing Eq. 6 into Eq. 5, finally we can obtain:
Recalling the Darcy's law and rewriting the right hand side of Eq.7 as
We assume that it exists a localization tensor ) , ( X x L that when the velocity ) (X V is prescribed on the boundary of Introducing Eq. 9 into Eq. 10
We can write Eq.8 as:
From Eq.12 we can obtain the permeability ) (X K :
ANALYZE THE FLUID FLOW IN FIBROUS POROUS MEDIA BASED ON MULTI-SCALE METHOD
We consider three scales coexisting in the domain of fibrous media. In the case of fibrous media, the coarsest one is related to the complex part  .The mesoscopic scale ) (X  is the one in which the yarns are surrounded by the fluid, and the finest one ) (x  involves the fibers constituting the yarn surrounded again by the viscous fluid. Fig.2 shows the three-scale scenario.
In three scales fibrous media, the fibers are impermeable and the fluid flow is Stokes problem in the finest scale. On the base of the relationship between macroscopic and microscopic scale, we can compute the permeability associated to the yarn by Eq.13. Now we develop the relationship between the macroscopic scale and mesoscopic scale.
At the macroscopic scale, the flow is described by Darcy's law, shown in Eq.1. At the mesoscopic scale, the Stokes' problem is considered in the fluid domain ) (X where p is the pressure field. The Brinkman's equation is as following [15] :
is the microscopic permeability tensor defined in the previous section.
We assume that the power dissipated at both scales must be the same for any velocity ) (X V . As the physics are not the same at the mesoscopic scale, it is necessary to compute the power dissipated at fluid and yarn respectively, that is 
CONCLUSIONS
The relationship among three scales of fibrous porous media is developed in this paper. A localization tensor which relates different scale velocities be defined. Then,
